Extraction of chemical warfare agents, O-ethyl S-2-(diisopropylamino)ethyl methylphosphonothiolate (VX) in soil sample has been carried out. The extraction was performed using six different solvents including 1% TEA/MeOH, 1% NH 4 OH/MeOH, water pH 2 at the ambient temperature , water pH 2 at temperature 4 0 C, water pH 7 at ambient temperature, and water pH 7 at temperature 4 0 C. Percent recovery of VX in soil samples was quantitatively determined by mean LC-MS using selected reaction monitoring (SRM). Among the solvents used, water pH 2 at temperature 4 0 C gave the best extraction capability that was indicated by the highest percent recovery of VX obtained. Storing effect of spiked samples was also investigated by extracting the samples containing VX using water at pH 2/4 0 C and the degradation product was then identified using multiple reaction monitoring (MRM). From the study, two degradation products were identified as Bis[2-(diisopropylamino)ethyl]disulphide and ethyl methylphosphonate.
INTRODUCTION
Soil has often been used as a sampling medium for verification of alleged use of CW agents and was used as a medium in an international inter-laboratory comparison (Round-robin) test for the verification of chemical disarmament coordinated by the VERIFIN (Rautio 1990 ). The determination of CWA's in soil samples depends on effective, reliable and simple the methods of extraction. A number of works related to the extraction of CW agents from soil have been reported previously. Verweij & Boter, (1976) , investigated the degradation product of CWA's phosphorus containing products, while Kuitunen et al, (1991) , studied the extraction of CWA's in soil samples by offline supercritical fluid extraction and capillary gas chromatography. Other studies in relation to the extraction of CWA's by solid phase extraction using different solvent have also been performed by Tornes et al, (1991a) , and Tornes et al, (1991b) . However, the results of these studies in less satisfactory yields mainly for soil contaminated with O-ethyl S-2-(diisopropylamino)ethyl methylphosphonothiolate (VX). Groenewold et al, (1999) , concluded that this phenomenon caused by the structure of VX (Figure 1) owing alk aline behaviors originating from diisopropylaminoetyl moiety to which no doubt responsible for the strongly adsorbent character and The storing effect of spiked sample before analyzed was evaluated. The spiked soil samples were stored at room temperature for 2 and 4 weeks before analysis.
The best method chosen during the laboratory work was used to extract the stored sample and the results were compared. The LC-MS was employed to screen the VX degradation products.
MATERIALS AND METHODS
Soil Sample. Fine sand soil was used as a soil matrix in the study. 50782-69-9, is regulated and highly toxic compounds that must be handled in approved facilities with appropriate safety precaution to avoid risk to personnel.
All other chemicals were purchased by VERIFIN from the commercial sources: aceton ( Table 2 .
A quasi-molecular ion of each analyte was used as parent ion and a most intense reaction was applied for analysis. One example reaction (m/z 268 > 128 for VX) is presented in Figure 2 .
Spiking procedure. A soil sample (5 g find sand soil) was weighed into 25 ml screw-capped glass bottle and spiked with VX at concentration level of 5 ppm.
The standard solutions of VX were injected in soil that was shacked vigorously by hand and allowed to stand for 60 min at room temperature prior an extraction. Blank Standard C o rre la t io n c o e f f ic ie n t : r = 0 . 9 9 9 9 2 3 , r^2 = 0 . 9 9 9 8 4 6 C a lib ra t io n c u rv e: 3 2 1 4 2 6 * x + 1 1 0 0 9 . One of the application of LC-MS in relation to the analysis of CWC's is in identification of nerve agents for example VX and its degradation. Wils & Hults, (1990) , and Bjork, (2003) , have screened and characterized the VX using LC-MS. In these two published articles, the XV was reported to which the VX was extracted using solvent base such as methanol and ammonium hydroxide and its mixture at room temperatur prior to LC-MS. However, the results on these studies in less satisfactory yield. Groenewold et al, (1999) , investigated that this phenomenon may caused by the structure of VX, as shown in Figure 1 , owing alk aline behaviors originating from diisopropylaminoetyl moiety to which no doubt responsible for the strongly adsorbent character and contribute to the compound's reputation for being difficult to detect.
In this study, extraction of VX was investigated from soil using two different solvents (methanol and water). First the effectiveness of the methanol extraction was compared using two different modifiers: 1% TEA and 1% NH 4 OH. Then, the research was continued with water extractions which were performed in two different pH values (pH 7 and pH 2) and temperatures (ambient and + 4 0 C). The yields of VX from find sand soil matrix with different solvents are presented in Table 3 .
From Table 3 can be seen that ammonium hydroxide gave the best yield (60%) that was 9% higher when the extraction is corresponded with the VERIFIN ROP method where TEA is used as the alkaline modifier of methanol. The higher recovery yield of VX may caused by VX was more reactive in methanol than in ammonium hydroxide lead to more degradable in methanol than in ammonium hydroxide (Black & Read 2004 ).
Furthermore, a recovery comparable to the VERIFIN ROP method was also obtained using cold water (+ 4 0 C) as extraction solvent at pH 2. When the temperature of the pH 2 water was increased to ambient the recovery of VX was decreased 12%. The same increase of temperature at pH 7 had almost no effect for efficiency of water extraction. The decrease of pH in room temperature increased the recovery 17% and in + 4 0 C the increase of recovery was 27%. Declaration of the effect of pH is obvious. The VX exists in lowered pH as the ionized form and is then more watersoluble than as the neutral form (see Figure 4) .
Storing Effect Evaluation. Recovery of the
analyte, when spiked samples were let to stand in room temperature during two or four weeks was investigated.
The decrease of the yield of the analyte when spiked samples were let to stand in room temperature for two or four weeks before water extraction/pH 2; +4 0 C is presented in Table 4 . The recovery decreased about 40 % during the period of the first two weeks and an additional about 10% during the second two weeks. The storing effect investigation has shown the ability to extract the VX in soil samples after 4 weeks and the application of LC-MS was most useful to detect the VX in soil after cold water extraction, but not for its degradation products. Therefore, further investigation of VX degradation after cold water extraction is highly recommended.
